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INVBSHOAKKG  TH3  F*RFOBHA»S  GOT  OORROEED  ' 
CKTT8  or  HJERAUHO  AHD  FWSOMATIC  87STKH3 

-  UJ?R  - 


/Following  is  a  translation  of  an  artiola  by  A,  i. 
Mikhaylov,  oandidata  of  taohnloal  soienoea,  and 
A,  I«  Lipin,  candidate  of  chemical  sciences,  in  the 
Russian-language  periodical  TsataiJt  aaahlnostroyanlj 
(Machine  Construction  Herald  V,  No*  KJoeeow,1  Ju 3y 
1962,  pagss  30-10*7 


During  tha  process  of  long-tarm  operation  of  various  aachinea 
and  tjiohlnsry  equipped  with  hydraulic  and  paanaatio  control  ays  tots, 
corrosive  motion  appeal’s  on  the  surface*  of  th*  working  parts  of 
such  ltaas  as  cylinder*,  tape,  switch* s •  Particularly  strong  oor- 
roaivs  motion  in  noticed  on  parte  lp  eyases*  whloh  operate  on 

I 

alcohol-gljnosrias  atUturos*  Leas  subjeot  to  oerroeloa  era  pa.  is  In 


pneunatio  eyetesM  and  insifniflaant 


la  notlead  in  parte 


ef  units  verting  la  bydraalla  syat—s  aelag  AMO-CLfi  all# 

Tha  presence  of  oorroelaa  action  on  tha  oarfaaoe  of  the  parte 
restate  in  a  frequent  unfounded  nsjeeuLon  of  a  larva  maditt  of 
oostly  units*  At  the  ease  tins,  preetloe  has  sheen  th*  peealhUlty 
of  using  such  unite  for  a  considerable*  period  of  tins  aithent 
lowering  their  technical  characteristiee. 


-  1 


'  following  is  a  description  of  th®  result*  of  work  conducted  i'c 
tiis  purpose  of  establishing  too  degree  of  oorroeive  notions  »t  which 
nozwi&l  operation  of  the  units  la  aasurred,  end  the  develops* nfc  of 
sotoods  fa*  restoring  parts  with  oorroelve  action. 

Testing  the  technical  condition  of  the  unite  wee  conducted  by 
©Kins  of  determining  their  parameters  check-delivery  testing  programs 
anti  inspection  of  the  pert#  after  disassembly  Of  the  unite#  In  sun 
tcijal,  tests  v?re  made  on  more  than  300  units  of  hydraulic  and 
pneumatic  syotaaa  which  wars  in  operation  for  3-5  years#  It  vae 
datsmined  as  c.  result  of  the  checks,  that  the  internal  surfaces  of 
steel  power  cylinders  arc  subjected  to  th*  greatest  corrosiv#  action 
(Figure  l).  In  conjunction  with  this,  *11  subsequent  operations  were 
conducted  with  power  cylinders  of  vsrloue  types  and  sites# 


Uigurs  1# 


longitudinal  scratches,  low  points,  and  dents  wars  detected 
on  the  inner  surfaces  of  suoh  cylinders*  The  percentage  of  units, 
hcw&var,  whloh  had  each  defects  did  not  sotetsd  10-155?  of  the  total 


'number  brought  in  for  repair „  ’ly  their  peonatrio  diasnsions,  tha 
m  jority  of  the  cylinders  which  were  within  tolsranoe  Unite  and  had 
no  dafeets  other  than  corrosion.  The  evaluation  of  the  degree  of 
corroalvo  action  was  oonduoted  by  measuring  tha  depth  of  tha  car- 
rcaiva  plttlr.gs  and  a  counting  of  their  nunber  in  a  unit  of  area.  A 
clock  type  indicator  inside  caliper  wae  ueed  to  determine  tha  depth 
of  corrosion.  Instead  of  a  stationary  pi  rot,  It  had  a  naedla  shaped 
tip  muntod  on  it.  An  examination  of  the  inner  surface  and  tha 
counting  of  tha  nuaber  of  pitting  in  a  unit  of  area  ie  done  by  aaaas 
of  opooial  instruments.  In  eane  su*i  for  this,  simple  devloes  are 
ueed  which  are  in  the  form  of  tubes,  7-10  m  in  diameter  with  .Mirrors 
faatanad  at  an  ancle  of  b5°  to  tha  and  of  tha  tuba.  t  was  established 
during  the  inspection  process  that  cylinders  operating  on  aloorol- 
clycerln  mixtures  were  eubjeoted  to  oorroslve  pitting  with  tha  nuabar 
pits  being  from  l  to  25  per  square  centimeter,  In  the  majority-  of 
eases  the  pits  had  the  shape  of  an  elongated  oral,  1.5-5  a  long  and 
1  ten  vide  (Figure  2,a).  Ocoaslonelly  2-3  ouch  pit*  would  be  com¬ 
bined  end  foamed  into  e  corrosive  action  ocvthg  surface  having  a 
length  of  up  to  bO  ma  (Figure  2,b).  As  a  rule,  the  cylinders  in 
pneumatic  syetane  were  not  subjected  to  oorroslve  pits,  but  to  cor¬ 
rosive  spots  with  elsar  signs  of  rusting  (Figure  2,o). 

It  vaa  detersdred  from  measuring  a  large  quantity  of  oorroaise 
pits  that  the  characteristic  oorroelve ^depths  were  in  the  range  of 
b*2-Oob  ran)  maximum  corrosive  depth  was  0.8-O.9  mu  It  was  also 
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OatiibHohsd  that  the  ^roawr  the  nearer  of  pita  In  &  unit  of  surface,  n 
the  loss  la  their  depth,  end  to  tha  contrary*  the  smaller  the  number 
of  pi  to  and  the  greater  their  elt®  or  the  eurfao®,  the  deeper  wt  their 

depth. 

Th®  configuration  of  the  pits  inside  of  the  octal  hat  a  very 
specific  character*  corrosion  spreads  practioally  perpendicular  to 
the  surface  of  the  metal  with  a  smooth  rounding  at  the  bottom  (Figure 
3).  ho  sub-surface  eevititeo  were  discovered* 


Fj-'T*  3.  Flfroaeotlon  of  an  Item  with  a  corrosive 
pit)  x  100* 

The  removal  of  corrosive  product®  can  best  be  acoonplichod  ’07 
a  solution  consisting  of  hydrochlorio  acid  (spadflo  gravity  1*19 ), 
250-260  g/liter,  and  inhibiter  PB-5  in  the  amount  of  8-10  (Alter* 

The  etching  tine  Is  8-10  minutes  at  18-25°.  Further  treatment  was 
the  neutralisation  of  the  acid  residua  by  a  solution  of  potassium 
sodium  bichromate  (50-30  g Alter)  at  70-80°  for  a  period  of  1C -IS 
minutes  and  a  lubrication  of  the  Inner  surface®  of  the  cylinders  with 

.a 

ID -20  oil  at  120-130°  for  25-30  PdnuUs*  After  the  removal  of  the 


Eorreaion  products,  the  cylinders,  on  chose  timer  eurfaoes  considerable1 
wear  could  bo  datsated,  vero  restored  by  ehr  casing  ( layer  thickasas  up 

to  0*2  bs)0 

In  order  to  insure  a  high  corrosive  reel stance  on  the  part  of 
the  restored  cylinders  In  Inter  activity,  chrosriLng  should  be  carried 
out  under  conditions  vhioh  assure  the  least  development  of  porous 
deposits j  the  cathode  current  density  is  30*35  anp/d*2  and  a  teapera- 
tur©  of  65-6?°. 

The  depositing  cf  nhro’fts  into  tbo  carreelon  pita  way  be  assurred 
ty  rcaintaininr  the  mexiaun  inter*  lee  trod  e  distance  (15-30  m  for 
cylinders  open  tt  both  cads)  •nd  by  cone  anodes  when  chroming  cylinders 
doped  at  one  end  '’anode  conus  of  ItSG-ltl?)* 

For  tiie  lengthy  stand  tes tings,  cylinders  of  various  types  ( two 
cylinders  each}  vnre  selscted  which  had  the  aioet  frequently  encountered 
corrosive  action  on  then.  The  teste  were  oonduofced  aooordin*  to 
special  prograne  which  were  primarily  based  on  cylinder  test  program 
of  resource  processing  compiled  by  the  manufacturing  plant* 

Ten  thousand  cycles  (double  piston  strokes)  were  taken  as  the 
bare  for  the  testing,  this  is  epproxlaetely  3— At  tines  greater  than  the 
factory  tests*  This  was  done  beoause  the  operating  resources  of  the 
na.lority  of  the  cylinders  ere  double  the  guaranteed,  as  veil  as  with 
the  ala  of  establishing  the  actual  cylinder  working  duration  prior 

■  s 

to  loss  of  hermetic  sealing,  l.e*,  to  determine  the  wear  resistance 
rss orre  factor  of  i*  packing  ring,  _J 


1 


ffcbla  1 


also  Techno  logical  prooaee 

( dlosator  x  length)  of  cyUndar  r«tftor»fcioa 

In  sa 

ClddsOlndss  of 
thd  oyllwlor 
SUpfdOdd 

Hydraulic  #yst«a  nou-ohroaod  eyllnddr* 

US  x  hlO 

Polled 

9th 

i.S  *  ’J.0 

Hessnvol  of  oosresloa  product* 

9th 

57.5  x  612  , 

9th 

57.5  x  612 

9th 

60  x  U9$ 

9th 

60  x  U9S 

CIUrc 

9th 

se  x  152 

Poring 

12th 

38  x  336 

R*ao>al  of  oanroelon  prcCaoto 

11th 

62  x  138 

Oiling 

11th 

62  x  138 

- 

12  ih 

80  x  390 

Ur-h 

PzMumtlo  xy«t*in  noo-chrondd  ejVLrC«x*  v 

62  s  600 

Honing 

10th 

95  x  335 

Hoaovol  of  oorrodlon  preduet* 
Gxjndising 

10th 

Hydrtullo  eytim  abroad 1  oylindtr* 

• 

IS  x  100 

Polishing 

10th 

15  x  loo 

HwujtoI  of  norrodion  product* 

loth 

57.5  x  612 

Ohroedog 

10th 

57.5  x  61*2 

Pollehinp 

7-8th 

"  7  - 


poliahlrg 


r 

60  x  WS 
60  x  U95 
76  x  397 

70  x  6$0 


Policing 

jtMntl  of  ooTMin  pwdorti 

CtaroadJsg 

Polishing 

Chroming 


n* 

12  th 


70  x  600 


I  1  I 


t ) !  p if  <  ) f  it  if  I  M  A  i  (  , (  i  ' i  h  !  i  ;  I  I  •  i  ;  •  I  1 


Tab Is  1  (eontinaad) 


Dagrss  of  tha  capros&va  aetlca 

of  COST©#!*®  OsptB  OS  tii® 

1  ear  e©n*©si.so,  1b 

Berber  of  cycles 
prior  te  loco  of 
horastlo  Moling,  a  to. 

2-3 

0,1-0. 2 

30,000 

5-6 

0.3-0.5 

10,000 

3-1 

0o05-o«li£ 

2^00 

6-9 

0.15-0.65 

2,500 

2-5 

0.2-0.3 

2,500 

7-10 

o.5^>.7 

2,500 

3-10 

0.6-0.7 

10,000* 

3-5 

0.7-O.8 

10,000- 

15-20 

C.2-0.3 

ir,cx>* 

15-20 

0.2-0.3 

io,-*oo* 

3-5 

0.7-0.8 

ocv* 

15-20 

o.o5-o.u 

J0,O1O»» 

6-6 

0.2-0. U 

30,000* 

2-3 

0.2-0.3 

10,000* 

2-3 

0. 2*0.5 

10,0000 

10-15 

0.5-0. 6 

10,000* 

3-5 

0.2*O«C 

t,500<** 

9 


r 


8-15 

0.5-0.6 

10,000* 

5-io 

o*U-o.5 

10,000* 

20-25 

0«C5-0.0t 

5,000 

10-15 

0.3-0.U 

10,000* 

15-20 

0.2-0.3 

10,000* 

latest  *  Cylindaro  r snored  Area  testing  after  tbs  entire  progrea 
had  been  corapleted. 

**  Treatment  wea  conducted  vith  roogh  grinding*.  oondtLtdooa 
without  subsequent  polishing. 

***  All  cylinders  vere  rubj&oted  to  strength  teste  onder  s 
pressure  of  iiDO  sts. 


r 


>!o  voar  or  risible  defects  (scratches,  dents,  etc.) 

As  e,cov s 

Clearly  visible  scratches 

Ho  wear  or  risible  dofooto  (aoratohea,  dsnts,  eto.) 

A  a  ftl'Cva 


9 


t 


L 


j 


**  12 


lightening  over  the  entire  eurfaoe 
A*  nbovo 


No  vear,  insignificant  lightening 

At  above 

A?  above 

Heavy  veer  and  eruption*  ov  rubber  over  the  entire  ring  aurfeoe. 

L  ‘  -J 
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ft 3  voar.  Sligit  lightening. 

As  above 

'/ear  over  the  entire  eurfaee  with  teere  In  2-3  p«4nte. 
No  wear 


As  above 


1  Two  cylinders  woro  tooted  simultaneously  {  a  counter-resistance  1 

was  developed  oa  the  cylinder  rode  equal  to  0. 7-0.8  of  tho 
force.  The  results  of  the  long  testa  conducted  on  stande  for  cylinder 
wear  for  the  purpose  of  establishing  optiaun  amounts  of  corrosion  and 
check! w.;  tl'.e  restoration  methodn  are  given  In  Table  1* 

Tt  is  evident  from  l>.o  material  presented  that  the  non -chromed 
cylinders  vith  a  ninth  grade  surface  cleanliness  lose  hermetic 
sealing  after  2,500  cycler. 

The  chromed  cylinders  sustained  the  full  testing  program.  There 
sas  virtually  no  loos  In  thr  '-pome. trie  dimensions  of  the  cylinders 
after  the  testing  program  when  compared  to  the  same  measurer-  .fs  prior 
to  testing.  Also,  no  vieible  defects,  uuch  as  scratches,  etc.,  wre 
notic.nl  on  the  working  surface*;  of  the  cylinders.  Tt  is  necee. try  to 
mention  that  the  wear  resistance  of  the  packing  vihgo,  working  against 
chrome,  is  somewhat  higher  than  tiu»t  for  rings  working  against  steel, 
and  which  is  explained  by  the  different  friction  factors. 

To  determine  the  effect  of  surface  cleanliness  on  the  wear 
resistance  of  the  packing  rings,  the  $7.5  sad  76  an  disaster  cylinders 
wore  treated  with  s  varying  roughness o  Cylinder  testing  wee  conducted 
simultaneously.  The  cylinders  which  had  a  tenth  grade  snrface 
cleanliness  withstood  the  full  testing  prograa  —  10,000  cycles.  After 
testing,  the  rubber  pecking  rings  were  in  very  good  shape.  Cylinders 
with  a  ninth  grade  surfaoe  cleanliness  stood  up  for  5,000  cycler,  and 
those  with  a  7th-6th  grade  eurfaoe  cleanliness  only  2,500  cyol'S  with  -i 


a  o troAg  wear  on  the  rubber  packing  rings*  With  this,  thare  war*  2-3  n 
times  more  corrosive  pits  on  like  cylinders  haring  a  10th  (rad*  surface 
cleanliness.  Thurly,  ' we«r  rfsistanoe  cf  tha  packing  rings  depends 
■•ri  rarity  on  th*  rrughness  of  the  cylinder  surface  and  not  on  tha 
convolve  I'iUo  TUi-afore,  t,<ic  processing  of  cylinder  aurfaoes  should 
>  •>  (<  )!.o  w’-  u  a  ol^wLiinas^  of  not  loss  than  tha  10th  grade  vhloh  aay 
■Mi  ea*»  1  /  rorheo  1  •'  Chror*  r'* . 

rnn  o  <■  '  results  <-  *-ua  arperimental  testa,  with  a  consi¬ 
deration  *"«r  the  increased  Punier  of  cycle*  in  tha  tasting  program, 
permits  t»  o  fr  •!  lowing  recowenru  cions  to  be  made  ooncerning  the 
ri*';«i.tjbH  ’  <•  source  of  hydraull*-  and  pneumatic  syetan  oylinders  (chroaad 
t.ryi  -.o'.-chr?med>  narlng  the  lollmiing  corrosive  aotionet 

1)  tho  corroaion  depth  for  oylindora  operating  in  system  wi th 
Afv:-10  oil  is  not  raora  than  0.9  ma,  and  rot  wore  than  0*6  ran  vrlth 
alcohol -glycerine  mixture  and  air.  With  an  increased  (repaired) 
cylinder  diameter,  tha  corrosion  depth  is  decreased  by  a  value  cquat 
to  tha  decreased  thickness  of  its  vail  from  tha  nominal  aiaej 

2)  tha  length  of  tha  corroeive  actions,  in  tha  for*  of  li-.ea, 

•fiust  not  axoeod  10  mm  (if  the  distance  beta*  n  the*  la  not  leas  then 
30  mm)  j  • 

3)  the  number  of  corrosive  pits  vith  a  diameter  or  length  of 
not  over  1  m  must  not  be  more  than  7  to  lW  (this  can  Inc luck  ana 
corrosion  defect  in  tha  form  of  a  line  having  a  length  of  up  to 

10  a*0j  1 


u)  the  number  of  ccarreeivs  actions  with  a  dimeter  of  2-3  sa 
2 

raxot  not  esooed  3  P*r  1  63  • 

The  csthoda  for  the  restoration  of  pewissatie  end  hydraulio 
syo tan  cylinders,  the  degree  of  sftres.  corrosive  aotioo  oo  the  inawr 
curfacen  does  not  exceed  the  obcve-lndieated  Unite,  are  shcnm  in 

Table  2. 


Table  2 

Cylinder  condition  hlagra*  of  the  technological  prooess 

of  restoration 


The  goowetrioal  dimensions 
arc  within  tolerance  Units, 
the  inner  surfaces  do  not  have 
scratches,  scores,  cr  low 
points  . 


!•  Cleaning  the  inner  surfaces  c f 
the  cylinders  by  honing  or  polish¬ 
ing  with  a  felt  rloth  tssir^  TCI 
paste  until  a  surface  cleanliness 
of  not  lean  than  the  10th  ?:ade  is 
achieved, 

2*  Removal  of  coarroeion  products. 
3,  A utl -corrosion  treataant. 

I;.  Oiling. 


* 


The  (reoaetrioal  H  iso  na  ions 
deviate  from  the  telnra.joe 
lirdte,  scratches  and  low 
points  ho  0«0&'  MU  - 


1.  Grinding  and  honing  or  only 
honing  of  the  cylinder  to  «.  dimeter 
exceeding  the  nominal  bIm  fay  not 
wore  than  0„1  n.  Cleanliness  of  the 
processed  ottrfaoe  wu?t  not  be  leee 


1? 


„  A 

j.  i  •  *  A- ■ 

;  O  L  f  4 


on  v 


than  the  19th  olut* 


2«  Resoral  o f  corrosion  redact*. 

3  a  inti -corroe  Ion  traatmnU 
li«  Chronlnf  of  the  cylinder  (or 
platan)  on  til  a  olearenoe  is  reached 
uhieh  la  within  tha  Unite  sat  in 
the  currant  tecinical  docuramt* 

(with  an  orameanra  far  treatment) • 
5#  Mechanical  ppcoassing  of  tha 
ehrooad  itaoc  until  a  surface  clear- 
lines*  of  not  lass  than  the  19th 
class  la  oohiarveda 


The  Rooaatrioal  dlaantlona 
deviate  froa  tha  tolerance 
lisdte,  a cratches  and  low 
points  froa  0*06  to  0.2  m. 
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1*  Grinding  tha  cylinder  until  the 
re  moral  of  the  dafeota  and  tha  re- 
quirad  (races trie  .alia  received,  hut 
not  greater  than  tha  Unite  eat 
according  to  tha  respective  docuaente. 
2a  Boninga 

3a  Removal  of  oerroalon  product* a 
lia  Chroadaga 

5*  Grinding  after  ofcreadnf. 

6m  Cylinder  honing  until  aariaa  aiaa 
ard  10th  class  olaanlj naas  is  reached . 

-i 


